Summary.-Previous studies of natural killer (NK) activity in the peripheral blood of breast cancer patients have failed to show a reduction in cytotoxicity, an observation at variance with results obtained in other malignancies. Interpretation of the data however is complicated by the presence of treated and post-mastectomy patients in the groups studied.
breast disease were not significantly different from those in controls, irrespective of menstrual status. There was no correlation between NK activity and tumour size, oestrogen-receptor or lymph-node status in the carcinoma patients.
A preliminary analysis of NK activities in the control group suggests that women donating blood in the first half of their menstrual cycle show significantly reduced NK activity in comparison with those in the second half (P=0.001). This finding, coupled with the variation in NK activity shown between pre-and postmenopausal breast carcinoma patients, suggests that hormonal effects in conjunction with malignancy determine the level of NK activity in breast cancer.
IT IS WELL ESTABLISHED that lymphocytes from unimmunized individuals are capable of killing neoplastic cell lines in vitro-the so-called natural killer (NK) effect (Pross & Baines, 1977; Herberman & Holden, 1978) . Cytotoxicity occurs largely independently of antibody (Trinchieri et al., 1978) , is potentiated by interferon (Einhorn et al., 1978; Moore & Potter, 1980) and is claimed to be of significance in surveillance against spontaneously arising tumours in man (Hersey et al., 1979) and animals (Kiessling & Wigzell, 1979) . Indeed, in animal models the genetically determined level of NK activity influences both the growth rate of tumour implants (Kiessling & Wigzell, 1979) and outgrowth of experimental metastases (Hanna, 1980) . Studies of NK activity of patients with neoplastic diseases have shown a reduction in comparison with control populations and reduced activity is most clearly displayed in individuals with advanced neoplasia (Pross & Baines, 1976; Menon & Stefani, 1978; Takasugi et al., 1977) .
Women with breast cancer however have not been shown to exhibit a reduced level of NK activity, though the interpretation of the data is confused by the effects of therapy and mastectomy (Cannon et al., 1977; McCoy et al., 1973; Eremin et al., 1978) .
In this study NK activity has been measured in a group of women donating blood before initial breast biopsy, i.e. before surgical or therapeutic intervention. The breast disease present was subsequently characterized histologically as malignant or benign. The data presented suggest that hormonal factors may be relevant to the levels of NK activity observed in women with breast disease.
MATERIALS AND METHODS
Patients and controls.-Peripheral blood mononuclear cells were prepared from heparinized venous blood of 26 healthy female controls and from 55 patients with clinically palpable breast lumps. Details of menstrual status and, in the case of patients, examination and clinical history, were noted at the time of donation. Cytotoxic assays were performed without knowledge of the histological diagnosis of the the breast lump. After the incubation period the plates were respun and lOO,u aliquots removed for y counting. Values for spontaneous release were obtained by target cells with medium alone and for detergent release by incubating with an equal volume of nonionic detergent. For each E : T ratio studied the specific cytotoxicity was calculated from the mean of each set of triplicates by the formula % specific cytotoxicity = 51Cr released by_ 51Cr released in effectors medium 51Cr released in 51Cr released in detergent medium Control and patient groups were compared using the two-sample t test.
RESULTS

Cytotoxicity in benign and malignant breast disease
The values for cytotoxicity of 26 normal controls are shown in Fig. 1 and Table II . In this system 51Cr release by normal peripheral blood lympocytes rises linearly with increasing E: T ratio to reach a plateau at 80:1. An E:T ratio of 40:1, representing a point on the ascending linear portion of the cytotoxicity curve, was therefore chosen to compare groups. No difference was observed in NK levels in pr-t;-Ur1 puJumILIUpOUus1 UIooUU iLonors (Table II) . Values for the cytotoxicity observed with whole peripheral blood mononuclear cells from patients with subsequently confirmed benign and malignant breast disease are also shown in Fig. 1 (Fig. 2) . Seven women tested in the second half of their cycle showed specific cytotoxic activities of over 25%, while only 2/7 women tested in the first half of their cycle exhibited cytotoxicity above this figure. The relationship was not apparent in women taking hormonal contraceptives or women with irregular cycles. The majority of premenopausal carcinoma patients had irregular cycles which prevented the detection of cyclical variation in NK activity in this group. The demands of therapy prevented further investigation of the carcinoma group in this respect.
DISCUSSION
The results presented are generally not in accord with previous studies of periplheral blood NK activity of patients with breast carcinoma, which claim levels equivalent to those seen in control populations. McCoy et al. (1973) showed that of 24 women with breast cancer none showed NK activity below 40o/% of the control level. Other carcinoma groups studied in the same paper (lung, colon, lymphoma and melanoma) showed a substantial number of patients with activities below this level. Cannon et al. (1977) measured the NK activity against K562 of 35 women with breast cancer and 19 patients with benign breast disease; of the carcinoma patients 25 were postoperative, 4 had metastases and II had received radiotherapy. This study does not mention the hormonal status of the patients and both patient groups and male and female controls had similar cytotoxicities. Eremin et al. (1978) were similarly unable to distinguish between the cytotoxic capacity of 14 breast carcinoma patients and controls mea,sured against the CLA-4 and Detroit 6 cell lines. In this study 23 untreated patients with early breast cancer showed a significant reduction in NK activity directed towards K562 target cells. The difference was significant despite the wide range of values observed in the female control population, itself a feature of NK measurements. In adults NK activity is not affected by age (Herberman & Holden, 1978) and therefore the age is unlikely to account for the differences observed. This result is confirmed in Table II ; subdividing the control series into pre-and postmenopausal groups (and consequently in terms of age) did not produce a significant difference in NK activity. Age and menopausal status alone would therefore not appear to affect the levels of cytotoxicity measured. Interestingly women with benign breast disease, a group known to exhibit an increased risk of breast carcinoma (Hutchinson et al., 1980) , showed levels of NK activity which did not differ significantly from those of controls. Cunningham-Rundles et al. (1981) There are several reports why our data may conflict with previously published results. The postoperative patients studied by Eremin et al. (1978) and Cannon et al. (1977) may have experienced a recovery of cytotoxicity after the removal of the tumour burden and the effect, of therapy may also account for the discrepancy. Further, variations in the target cells employed may influence the level of cytot,oxicity observed (Jondal et al., 1978) . In a more recent study CunninghamRundles et al. (1981) were able to show reduced peripheral-blood NK levels in a group of 74 untreated women with malignant breast, disease, results which are in agreement with those presented in this paper.
The observation that premenopausal carcinoma patients differ most significantly from controls with regard to NK activity suggests that hormonal factors may also influence NK levels in conjunction with malignancy. Further, whilst the majority of carcinoma patients exhibited irregular cycles, a well-reported observation (Grattarola, 1964) , this cannot itself account for the low NK activity observed, as carcinoma patients with regular cycles also showed depressed killing of K562. Previous work on the effect of sex and endocrine factors on cytotoxicity has been contradictory. Baines et al. (1978) were unable to demonstrate a significant effect of either sex, age or stage in menstrual cycle on the NK activity of normal controls, though donors in the third trimester of pregnancy did demonstrate cytotoxicities significantly lower than normal.
Experimental work in the mouse has suggested that oestrogens may influence NK levels (Seaman et al., 1978) . Seaman et al. (1979b) have shown that mouse oestradiol, which is itself non-toxic for NK cells (Seaman et al., 1978 (Seaman et al., , 1979a , may suppress NK activity, perhaps via its effect on the bone marrow, though doses of oestradiol 9 times the physiological level are required for 4-6 weeks before a decline in activity is seen. Neonatal administration of diethyl stilboestrol also suppresses NK activity (Kalland, 1980) . There is no clear evidence linking hormones with cytotoxicity in humans though steroid administration can lower levels of killing (Herberman & Holden, 1978) . Kovithavongs et al. (1974) , however, suggested that endocrine factors may influence antibody-dependent cellmediated cytotoxicity (ADCC) in healthy individuals, an observation which may be significant in the light of current suggestions that ADCC and NK effectors represent identical or overlapping populations (Johnsen & Madsen, 1980; Peter et al., 1979) . The control group presented in this study, though smaller in number, provides further evidence suggestive of a hormonal effect on NK levels. NK effector cells taken from controls in the second half of their cycle show significantly greater NK activity than those obtained from donors in the first half. The imputed cyclical variation was confirmed when cells taken from one subject were tested through a regular cycle (data not presented).
In conclusion, this study demonstrates that preoperative blood samples from women with early breast carcinoma have significantly reduced NK levels in comparison with a series of female controls. This reduction is not apparent in women with benign breast disease.
Changes in the level of significance in pre-and postmenopausal carcinoma patients and variation in the levels of NK reactivity in controls in relation to menstrual phase imply that endocrine factors may also affect the level of NK activity observed in conjunction with malignancy. The latter observation, however, requires further investigation.
